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THESIS ABSTRACT 
During the surmner of 1~58, a search was conducted for specimens 
of algae which could be used in a growth study. Many specimens were 
collected from ponds and streams in western Kansas and were cultured 
under conditions of intense sunlight and high temperatures. The four 
species which appeared ta grow best under these conditions were se-
lected for use in the growth study. A high temperature strain of 
~Chlorella :pyrenoidosa was also used. 
The five algal species were grown in glass jugs which were located 
in the college greenhouse. The cultures were harvested by removing 
half' of the accumulated algae cells at three-day intervals. The amount 
of eomparative growth was ascertained by weighing these cells after 
they had been dried in an oven. 
Examination of the anatomy of these specimens revealed nothing 
which might explain growth characteristics. The harvesting results 
indicated that Chlorella sp. produced the most and therefore grew the 
most rapidly. Chlorococcum sp. produced slightly less. Scenedesnru.s 
armatus and Lyngbya sp. had much lower yields and the strain of Chlorella 
pyrenoidos3 demonstrated the least growth. A comparison of the yields 
of the various cultures with illumination and temperature showed a few 
individual reactions. 
Although the growth rates of each species were not definitely es-
tablished, the general growth characteristics appear to be applicable to 
natural conditions and mass cultures. The method used in this study is 
convenient and economical and could be profitably used in future studies. 
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INTRODUCTION 
In recent years much concern has been e:iq:ressed about the dw.i.n-
dling reserves of fossil fuels and the lack of food for the world's 
growing population. The problem is not that the world lacks suffic-
ient energy, but rather that people have insufficient means for con-
verting the enormous energy of the sun into energy of a usable form. 
All animals, including man, require their energy in the form of po-
~tential chemical energy stored in the organic compounds we call food. 
The energy required by our civilization is mainly stored in organic 
substances such as coal, oil and wood. 
Photosynthesis is the principal process which converts the ld.ne-
tic energy of sunlight into chemical energy used in respiration and 
combustion. Photosynthesis occurs in all plants which contain chl01•0-
phyll. However, photosynthesis in most plants, including crops, is 
woefully inefficient according to Transeau (1926). Certain scientists 
have therefore contemplated using more efficient plants, such as algae, 
as a source of food and industrial raw materials (Burlew, 1955). 
Algal cultures have many advantages for photosynthesis. Milner 
(19.53) has stated that cultures of algae can be maintained continuously 
and will therefore absorb all of the light which falls upon them. Al-
gae can convert more of the light they receive into stored energy 
than farm crops can. Chemical analysis shows a much higher percentage 
of protein and fat in green algae than is found in conventional food 
plants when the entire plant is consumed. Finally, algae have less 
waste materials than conventional crops. 
However, certain biological and engineering problems remain to 
be solved before mass cultures can become economically feasible. So111e 
of the biological problems are the inability of certain algal species 
to withstand high temperatures and high light intensities, the diffi-
culty of harvesting the algae and the inadequate growth rates (Burlew, 
1955 ). Species of Chlorella, particularly the variety discovered by 
Sorold.n and Myers (1953), have shown themselves to be well adapted to 
mass culture conditions. Certain writers on this subject have., how-
-ever, indicated that more species should be investigated since some 
may be even better adapted than present specimens to growth on a large 
scale (Burlew, 1955; Myers, et !!•, 1951; Mayer, et al., 1956). 
2 
The purpose of this study was to examine the growth rates, general 
structure., chemical constitution and cultural requirements of certain 
western Kansas algae. It is hoped that some evaluation of these plants 
as potential mass production specimens can be made as a result of 
this study. The data may also provide a better understanding of the 
ecology of these algae. 
RELATED srUDIES 
Since the extensive study of algae culture is a recent innova-
tion, the amount of literature available on this subject is quite 
limited. Some algae have been used extensively to explain general 
plant reactions but the physiology of many species has not been inves-
tigated. 
Myers,~ al. (1951) summarized the methods of maintaining con-
tinuous growth and measuring growth rates. Sorokin and Krauss (1958) 
demonstrated the effects of light intensity upon algal growth. They 
showed that both high and low intensities of light may have an inhibi-
tory effect upon growth. Spoehr and Milner (1949) showed how the 
chemical composition and growth rates of Chlorella could be influenced 
by nutrition. The alga grew at a more rapid rate and was composed 
of a greater percentage of protein when grom1 in a culture rich in 
nitrogen than when grown in cultures having less nitrogen. Thomas and 
Krauss (1955) have also demonstrated the effects of environment upon 
_::-algae. 
3 
Kratz and Myers (1955) described methods of conducting a search 
for new algal specimens. Allen and .Arnon (1955) provided useful infor-
mat:i.on regarding the growth of certain algae. Phillips and Myers (1954) 
h ave studied the growth rates of algae in flashing light. 
MEI'HODS OF STUDY 
Collection of Specimens 
The seareh for suitable culture specimens was begun in June, 1958. 
Various ponds and streams were sampled in the vicinity of Hays., Kansas. 
The samples were usually taken in one-liter pyrex Erlenmeyer flasks. 
Collections were dipped from the upper three or four inches of the 
water and the flask was closed with a cork. These samples were kept 
as cool as possible and were examined under a microscope as soon as 
was convenient. The collections were then allowed te grow in the flasks 
on the ledges of south-facing windows. After a few days the cultures 
were again examined, and in many cases, new species were seen after 
this growth period. 
Culturing and Selection of Specimens 
If the algae appeared to thrive in the nasks, the culture was 
poured into small battery jars containing a solution of mineral salt s 
dissolved in distilled water (Table I). The jars were placed in t he 
same window ledges. The algae were thus exposed to strong sunlight 
with temperatures ranging from 10° C. to 43° c. The cultures grew 
without benefit of turbulence or added carbon dioxide. It was felt 
that the algae "Which survived these conditions possessed :many quali-
ties required for mass production. 
4 
In all cases, the collected algae were a mixture of many species, 
both filamentous and unicellular. The samples also contained bacteria, 
protozoa, snails and insect larvae. An attempt was ma.de to remove the 
animal populations by filtering the cultures through folded cotton 
gauze. The filamentous algae were washed many t imes by agitation and 
transferred to fresh solutions. Bacteria did not grow well in the 
cultures and thus did not present a problem. Small numbers of prot o-
zoa reappeared in the cultures occasionally. 
Attempts were made to isolate pure algal cultures by growing them 
on agar gels in petri dishes. Some of the algae did not t hrive on 
this medium. Those which were able to live were transferred to other 
petri dishes with a sterile needle. After colonies were established, 
one colony was transferred to other petri dishes in order to secure 
pure colonies of the species desired. An innoculation from the third 
plate was transferred to a sterile nutrient solution in small battery 
jars._ These jars were again set in the window ledges and exposed to 
full sunlight for about a month. These cultures did not remain pure 
Table I. Nutrient solution used in cultures 
Mineral elements added in grams per liter of water for culture 
solution ( Sorokin and Krauss, 19 58). 
KN03 • • • • • • • • • • • • • • • • • 1. 25 
KH2P04 • • • • • • • • • • • • • • • • 1. 25 
MgS04 • 7 H20 • • • • • • • • 1. 00 
CaC12 
H3B03 • • • • 
FeS04 • 7 H20 • 
ZnS04 • 7 H20 
MnCl2 • 4 H20 
. . . 
. . . . . . . . . . 
Moo3 • . . . C' • • • • • • • • • 
cuso4 • 5 H2o . . • . . . . • • 
Co (N03)2 • 6 H2o • • • • . • • • 












but were contaminated by a species of Chlorococcum and many species of 
Scenedesmus. The filamentous algae were again washed and the unicellu-
lar specimens were again innoculated on sterile agar gels. All speci-
mens were then transferred to clean battery jars which were covered 
with plastic bowl covers. These cultures remained relatively pure until 
the growth experiment was begun, whereupon the eontents of the battery 
jars were poured directly into the culture jugs. 
:Measurements of Growth 
In the middle of December, the cultures which had grown best 
were transferred to the growth study apparatus which was located in 
the college greenhouse (Fig. 1). The cultures were grown in one-gallon 
glass jugs having an average directly illuminated surface of 225 square 
centimeters. During the experiment the jugs were filled with nutrient 
solution to a depth of 42.5 centimeters, providing cultures of three 
liters. A mixture of five per cent carbon dioxide in air was supplied 
to the cultures through glass and rubber tubing :from pressurized cylin-
ders. The air was bubbled through water before reaching the cultures 
in order to reduce any evaporation effect. 
All the jugs were exposed to sunlight coming through the glass 
roof of the greenhouse. Additional hours of lighting were supplied 
by a 300-watt bulb, which was turned on to provide a 12-hour light 
period each day (Fig. 2). The jugs were rotated periodically in the 
bath so the effects of direction of light and heat would be equalized. 
The jugs were placed in a "White metal tank to allow water to cir-
culate about them when the temperature rose above 32° c. The water 
was admitted through plastic tubing at the bottom of the tank, and 
Fig . 1. Growth apparatus in the college greenhouse. 
The cylinder containing five per cent carbon dioxide 
in air is shown at the left. The apparatus is lo-
cated on a growing table. 
7 
Fig . 2. Photograph of the growth study apparatus. The 
light which was used to provide a 12-hour day is shown 
above the culture jugs. 
8 
its flow was maintained by a drain which extended 17 centimeters from 
the bottom. The jugs were set upon a plywood platform so that the 
cultures would not be shaded by the walls of the tank. Therefore, 
9 
only the bottom five centimeters of the jugs were surrounded by the 
water bath (Fig. 3). The temperature was also maintained in a gross 
fashion by the thermostatic controls of the greenhouse. hcept for a 
temporary breakdown in the heating equipment, the temperature was never 
lower than 19° C. The highest temperature recorded was 36° C. The 
··usual range varied from 24° c. to 27° c. During sunny days, the after-
noon temperatures were higher than the morning temperatures. 
Light readings were taken daily at ten o 1clock a.m. and two o'clock 
p.m. with a photometer. The sensitive plate of the photometer was 
held so that it received the highest intensity of light to which the 
cultures were eocposed. The maximum value obtained was recorded. 
Temperatures of the culture solution were also taken at ten o'clock 
a.m. and at two o'clock p.m. and recorded. 
The pH of the solution was determined after each harvest with a 
bromo-cresol indicator solution. Dilute nitric acid or dilute sodium 
hydroxide was added to lower or raise the pH so that it would remain 
between six and seven. 
The study was formally begun on January 1, 1959. The first har-
vest .was made on January 3 and each algal culture was harvested at 
three-day periods until April 12. The procedure was to remove the 
cork with aerating tubes from the jug. A rubber cork containing a 
glass tube, with rubber tube and pinchcock attached (Fig. 4) was tightly 
inserted into the mouth of the jug. The jug was then lifted out of 
Fig. 3. Photograph showing details of growth 
The thermometer for measuring the temperature 
shown attached to a culture jug at the left. 
mometer for measuring the temperature of the 
shown in the center culture jug at the back. 
apparatus. 








the bath and placed upside do-v-m in the harvesting stand. Algal cells 
which had accumulated upon the bottom settled toward the mouth. The 
mouths of the jugs were grossly calibrated and the amount of settled 
algal cells was measured. Approximately half of this settled algae 
was then removed from the jug by opening the pinchcock on the rubber 
tubing. Algae were collected in calibrated cylinders and allowed to 
stand. The filamentous algae were collected by removing approximately 
half of the mass w.i. th a bent wire. The total liquid was measured and 
-the same amount of nutrient solution added to maintain a constant vol-
ume in the jugs. 
The harvested material was a mixture of algal cells and water. 
Upon standing, the cells settled to the bottom and were measured as 
packed cell volume. The harvested algae were placed in evaporating 
dishes and weighed. These weights were recorded in order to compare 
with the dry weights. The wet samples contained 75 per cent water. 
The evaporating dishes containing the algae were placed in an 
oven and heated to 110° C. for approximately 20 minutes. The temp-
erature was then reduced to 80° c. until the algae were completely 
dry. This usually took 20 hours. Longer periods of drying showed no 
decrease in weight. The dried material was weighed and this net weight 
was recorded as a measure of growth during the preceding three days. 
The dry material was kept in a disconnected oven. It e:xhibi ted 
no signs of deterioration as long as it was kept dry. These dried 
samples were used in testing for fats and proteins. The algae would 
collect moisture from the atmosphere if exposed for a period of days. 
Bacteria would then begin to grow upon the material, emitting a foul 
odor. 
In order to establish units for the comparison of one culture 
with another and to compare the results of this study with those of 
other workers., two calculations were made. The total yields were di-
vided by the tot~ number of days of growth ( 102) times the number of 
liters of each culture (3). This division of the total yield by 306 
provided the amount of algae harvested per liter per day. This meas-
urement has been used by Myers (19.51) and Geoghegan (19.55). 
The total yield was also divided by the number of days and the 
dividend then multiplied by the fraction 225/10,000 to provide the 
amount of algae in grams produced per meter of illu.lllinated surface 
per day. Thia measurement has been used by Mayer, et al. (19.56) and 
Milner (1955) . 
RESULTS AND msCUSSION 
Description of Specimens 
13 
The algae used in the growth study were assembled in a number of 
ways. Chlorococcum sp. appeared as a contaminant in a culture of 
Rhizoclonium hierglyphicu.m during July. The growth of the Chlorococcum 
was so pronounced that it seemed to replace the filamentous algae. 
The Rhizoclonium was therefore removed and the Chlorococcum selected 
as a specimen for study. This specimen grew well under strong sun-
light and high temperatures of the summer months. A few preliminary 
harvests made on the tentative specimens in September showed Chloro-
coccum to be ma.ldng the most rapid growth of any species tested. 
The cells of Chlorococcum species were sub-spherical, spherical 
or angular when in masses (Fig . .5). The diameters ranged from 1. 8 
Fig.,. Microphotograph of Chlorococcum sp. (64SX) 
15 
to 4.5 microns. The chromatophores were parietal and either spherical 
or bell-shaped. The smallest cells were uninucleate and contained one 
pyrenoid. The mature cells were nmltinucleate and possessed several 
pyrenoids. Cultures of this alga were dark green. The cells remained 
in suspension longer than any other species used. 
Lyngbya sp. wa~ _selected because it was able to grow in still water 
better than other filamentous algae 'Which were observed. It was felt 
that a filamentous alga should be used so that the actual growth could 
be compared to the growth rates of unicellular algae. The relative 
growth rates would have some ecological significmce in that the data 
might help explain the dominance of one type of algae in a given local-
ity. Filamentous algae are frequently an important type of flora. 
Lyngbya has unbranched, cylindrical filaments which may be curved or 
straight and are many times densely interwoven (Fig. 6). The fila-
ments are usually 3.0 to 3.5 microns in diamet er and are motile. The 
cytoplasm is granulose and varies from dark green to gray. A firm 
sheath encloses the trichome. The ends of the sheath frequently ex-
tend beyond the living cells (Fig. 7). The color of the culture varied 
from blue-green to a light yellow. 
The exact origin of the Chlorella used in the study is unknown. 
A commercial culture of Chlorella which was ordered for use in the 
$tudy was found to be badly contaminated with other algae. The mix-
ture was allowed to grow in light, but the Chlorella cells did not 
appear to increase. A short while later, however, two other cultures 
were found to contain Chlorella and in both cases the Chlorella multi-
plied rapidly. The origin of the Chlorella in these cultures is un-
known. The cultures may have been contmninated in some way by the 
16 
Fig. 6. Microphotograph of Lyngbya sp. (150X) 
Fig. 7. Microphotograph of filament of Lyngbya. sp. (645X) 
This view shows the end of an individual filament. The 
sheath projects about nine microns beyond the living cells. 
The filament has been stained with iodine t.o demonstrate 
the sheath. 
17 
commercial culture or the Chlorella may have been present in the col-
lected material. 
18 
This alga grew as a fairly pure culture., perhaps due to its more 
rapid growth. However, a .few individuals of certain species of ~-
desmus were able to grow in the same medium. This culture appeared to 
be more densely populated than the other specimens. The cells would 
settle out quite rapidly and remain on the bottom of the container. 
The color of this culture was generally a bright green. 
The Chlorella cells are small and globose, ranging in size from 
2. 7 to 4.3 microns in diameter. The cells may be solitary or may ag-
gregate into thin mucous layers which cling to glass surfaces. They 
have a single cbromatophore, which is parietal and is often cup-shaped. 
Scenedesnru.s armatus was grown from water taken from a pond near 
Cedar Bluffs Reservoir, Trego County., Kansas . When first examined., the 
water showed no sign of any algae. After standing in sunlight for a 
week, Scenedesmus and some other algae began to grow in the water. 
Since the sample was kept covered, an assumption was made that the pond 
water had contained these algae in very small amounts. This species 
was selected, not only because it showed good growth under harsh con-
ditions., but because Scenedesnru.s is common in this area and at times 
becomes abundant in ponds and creeks. 
Scenedesmus armatus has ovoid to oblong-ellipsoid cells forming a 
coenobia., consisting of four cells in a linear series (Fig. 8). The 
terminal cells have a spine at each pole. The cells are 3.4 to 3. 8 nii.-
crons wide and 8.5 to 8.7 nii.crons in length. They had a tendency to 
remain suspended in the culture solution and did not settle out as 
19 
Fig . 8. Microphotograph of Scenedesmus armatus. (645X) 
rapidly as the species of Chlorella. This culture was badly infested 
with Scenedesnms abundans when the study was terminated. 
20 
Chlorella pyrenoidosa Tx 7-ll-05 was received from the University 
of Texas, Austin, Texas through the courtesy of Professor Jack Myers. 
This alga was used in the study since it has been extensively studied 
and formed a basis for comparison of growth rates and growing conditions 
(Fig. 9). 
The four native algae were identified by Professor R.H. Thompson 
of the University of Kansas, Lawrence, Kansas, and Mr. Henry J. McFar-
land of Fort Hays Kansas State College, Hays, Kansas. 
Results of Harvests 
The yields of each harvest varied widely according to culture and 
individual harvest. Since the yield was used as a measure of growth, 
an assumption can be made that the rates of growth of a culture may 
vary under changing conditions and that the rates of growth for each 
culture of algae differ greatly. 
Chlorella sp. produced the greatest amount of dry material during 
the study and was t her efore considered to have the most rapid rate of 
growth. The sum total of the yields taken during the 31 harvests was 
22.55 grams, which gave an average yield of o. 66 grams per harvest 
(Table II). This alga produced 1.6 grams during one harvest period, 
which was the highest individual yield for this study. 
The average yield per liter per day of this alga was o.o67 grams. 
The daily yield per square meter of illuminated surface was calculated 
as 8. 95 grams. 




TABLE II. Summary of yields in grams. 
Species Ave. Yield Total Yield Yield 
and Range Yield per per 
Liter Square 
per day Meter 
per day 
Chlorella sp. 0.663(0.4-1.6) 20.55 0.067 8.95 
Chlorococcum sp. 0.618(0.3-0.9) 19.15 0.063 8.35 
s. armatus 0.338(0.1-0.6) 10.50 0.034 4.58 
Lyngbya sp. 0.330(0.15-0.6) 10.25 0.033 4.44 
Chlorella pyrenoidosa 0.200(0.05-0.4) 6.20 0.020 2.66 
Tx 7-11-05 
Although this culture produced some very high yields, it grew at 
a comparatively slow rate during the first half of the growth study 
(Fig. 10). The great acceleration in growth at the end of the study 
appears to be a most significant feature. This acceleration indicated 
low temperatures and high illumination to be the conditions conducive 
to rapid growth. It also demonstrated the high potential growth of 
this algae. 
23 
A comparison of yields with illumination indicated than an increase 
~in intensity of light is usually accompanied with an increase in yield. 
The yields were relatively unaffected by light at intensities of 3,000 
foot-candles or less, but showed a direct relationship at higher inten-
sities. High yields at low light intensities were produced only when 
temperatures were below average. 
The growth of Chlorella sp. was apparently inhibited by high 
temperatures. The gradual decline in average temperatures during the 
study was accompanied with a general increase of yields. With one ex-
ception, all yields over 0.5 grams were produced during harvest periods 
which had an average temperature of 25° c. or lower. The optimum temp-
erature for this culture seems to be 22° c. or less. 
Chlorococcum sp. possessed the second highest growth rate of the 
specimens which were studied. The yields averaged 0.618 grams of oven-
dried cells per harvest (Table II). The highest individual yield ob-
tained was 0. 9 grams and the lowest yield was 0. 3 grams per harvest. 
The total amount of material harvested from this alga was 19.15 grams, 
only 1.4 grams l ess than Chlorella sp. The large total yield of 
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Fig. 10. A comparison of the yields of Chlorella sp. with 
the illumination and temperature of the corresponding growth 
period. The dashes represent the illumination, the dotted 
line r epresents the temperature and the solid line shows 
the yield. F.a.ch division of the abscissa represents two 
harvest periods . The value of the light in f oot-candles 
is shown at the right . The value of the yields in grams 
is at the left and the value of the temperature in degrees 
Centigrade is at t he extreme left . 
24 
yields (Fig. 11). In fact, the yields exceeded o.6 grams in all but 
nine harvests. This alga averaged o.o63 grams each day per liter of 
culture and 8.35 grams per square meter per day. 
The growth of Chlorococcum sp. was characterized by periods of 
high and low yields w.l.th extreme and rapid changes from one level to 
the other. For instance, the ninth harvest yielded 0.7 grams, but the 
tenth harvest yielded only 0.35 grams. 
25 
The magnitude of the yield for each harvest seemed to be affected 
by both the intensity of light and temperature. During periods when 
both the light and temperature decreased, there was a decrease in growth. 
In the few instances when both the temperature and light increased, a 
corresponding increase in yield occurred. However, the great increase 
in light and temperature during the last harvest period seemed to in-
hibit the growth of this culture. 
The optimum light intensity for the growth of this alga appeared 
to range from 1750 to 3200 foot-candles. The first 12 yields seemed to 
be unaffected by the temperature, but the following yields showed an 
inverse relationship to temperature. Since the highest yields were 
found at the lower temperatures used in this study, the optimum temp-
erature for this alga may be below the temperatures used by the author. 
If this were true, higher yields could be obtaL ned from Chlorococcum 
sp. at temperatures below 19.5° Centigrade. 
Scenedesmus armatus produced a total of 10.55 grams during the 
growth study (Table II). The individual yields varied greatly in re-
lation to each other. Fig. 12 shows that the am01mts of yields did 
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Fig. 11. A comparison of the yields of Chlorococcum sp. 
with the illumination and temperature of the corresponding 
growth period. The dashes represent the illumination, 
the dotted line represents the temperature and the solid 
line shows the yield. Each division of the abscissa re-
presents two harvest periods. The value of the light in 
foot-candles is shown at the right. The value of the 
yields in grams is at the left and the value of the temp-
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Fig. 12. A comparison of the yields of Scenedesmus armatus 
with the illwnination and temperature of the corresponding 
growth period. The dashes represent the ill umination, 
the dotted line represents t he temperature and the solid 
line shows the yield. Each di vision of the abscissa re-
presents two harvest periods. The value of the light in 
f cot-candles is shown at the right. The value of the 
yields in grams is at the left and the value of the temp-
erature in degrees Centigrade is at the extreme left. 
27 
28 
to 0.6 grams per harvest. The yields from the first harvests were 
much smaller than most of the other, which could mean that this species 
could not adjust to the conditions of the study as rapidly as the others. 
The low rates throughout the study seem to indicate that, while 
Scenedesmus armatus is a good specimen in many ways, it simply cannot 
compare with Chlorella sp. and Chlorococcurn sp. in growth rates. It 
must be remembered that under different conditions, cultures of s. 
armatus could possibly produce more. 
Lyngbya sp. demonstrated a growth rate which was nearly equal to 
that of s. armatus. The average yield was 0.33 grams per harvest, which 
was only half the average yield of Chlorella (Table II) • The total 
yield during the study was 10.25 grams, only 0.3 grams less than the 
total yield of §.• armatus. 
Since the growth rates were so low and si nce no individual yield 
was more than o.6 grams, Lyngbya sp. should be considered a poor speci-
men for use in mass cultures (Fig. 12). From the knowledge available, 
one cannot state whether or not other filamentous algae would also grow 
slowly. The yields of Lyngbya sp. were not greatly affected by temp-
erature or light intensity (Fig. 13). 
Slow growth may be of survival value to Lyngbya sp. in its native 
habitat since there it may not receive all the light and other factors 
which it would need for photosynthesis extensive enough to support 
rapid growth. 
Chlorella pyrenoidosa Tx 7-11-05 demonstrated slow growth under 
the conditions of this study. The average yield was 0.2 grams per 
harvest. The total yield for this species was less than one-third of 
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Fig. 13. A comparison of the yields of Lyngbya sp. with 
the ill'Wllination and temperature of the corresponding growth 
period. The dashes represent the illumination., the solid 
line represents the temperature and the dotted line shows 
the yield. Each division of the abscissa represents two 
harvest periods. The value of the light in foot-candles 
is sho'Wl'l at the right. The value of the yields in grams 
is at the left and the value of the temperature in degrees 
Centigrade is at the extreme left. 
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As is shown by the chart (Fig. 14), the growth rate usually cor-
responded to the light intensity, but not in a quantitative manner. 
There is also a direct relationship between the amount of growth and 
the temperature. The increase in yields was greater per increase in 
temperature above 250 c. than below this temperature. 
The slow growt.h of this alga can be partially explained by the 
fact that it grows best at a temperature of 39° c. Sorold.n and Krauss 
(1958) have reported that at 39o C., the growth rate of this specimen 
was three times the rate at 25° Centigrade. Therefore, the growth in 
this study was probably inhibited by the temperature. 
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When compared in the same units, the yields obtained during this 
study appear to be nruch lower than some reported by other workers. In 
a study using an annular glass chamber and high turbulence induced with 
a stainless steel rotor, Davis (1953) was able to produce 6.5 grams per 
liter in 12 hours or 43. 2 grams per square meter of illuminated surf ace 
in 12 hours. Geoghegan (1955) reported an average yield by Chlorella 
of 0.44 grams per liter per day in tall tubes and 0.3 grams per liter 
per day in a plastic-coated tank. Milner (1955) obtained yields as 
high as 17. 8 grams per square meter each day with Chlorella growing in 
a half-inch glass tube exposed to sunlight. 
However, the yields of this study exceeded the yields attained in 
certain other studies. Myers al. (1951) reported an average daily 
yield of 0. 035 grams for each liter of culture obtained from a similar 
study. Milner (1955) achieved the same yield in a study which used 
.five-gallon bottles in a greenhouse. These yields were nearly doubled 
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Fig. 14. A comparison of the yields of Chlorella pyrenoi-
dosa with the illumination and temperature of the correspond-
ing growth period. The dashes represent the illumination, 
the dotted line represents the temperature and the solid 
line shows the yield. Each division of the abscissa re-
presents two harvest periods. The value of the light in 
foot-candles is shown at the right. The value of the 
yields in grams is at the left and the value of the temp-
erature in degrees Centigrade is at the extreme left. 
31 
armatus and Lyngbya sp. were slightly inferior to the average yields 
of these other studies. 
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Mituya et al. (1955) harvested a slightly higher yield of 0.043 
grams per liter per day. The production per square meter of illuminated 
surface each day was 3.5 grams. Both these units are exceeded by~-
ella sp. and Chlorococcum sp. The latter figure is also exceeded by 
the species of Scenedesmus and Lyngbya. 
Experiments by Spoehr and Milner ( 19 49) have provided yields of 
0.05 grams or less per liter per day. The algal specimen used was an 
Emerson strain of Chlorella pyrenoidosa. The conditions of their study 
were somewhat similar to the study of this writer, except that artifi-
cial light was used continuously in most of the experiments. In com-
parison, the yields of Chlorella ap. and Chlorococcum sp. were superior 
to the highest yields of Spoehr and Milner,and the production of~-
bya sp. and Scenedesmus armatus was comparable to the average yields of 
these workers. 
Krauss and Thomas (1954), using elaborate equipment, obtained 
yields comparable to those of this study. Their highest yield was 
0.066 grams per liter per day, which is only one-thousandth of a gram 
less than the comparable figure of Chlorella sp. 
Generally, the yields of this study tend to exceed the yields of 
large cultures and are surpassed by the harvests of experiments con-
ducted on a small scale. One exception to this is the study conducted 
by Mayer et al. (1956). Using a tank of about two cubic feet in volume, 
they produced about twice the amount of dry algae per square meter per 
day as was obtained by this writer. The study was conducted in Israel 
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under conditions of high illumination which gave that culture a decided 
advantage. 
Since the conditions of this study were quite sirrd.lar to natural 
conditions, it appears reasonable to assume that the comparative growth 
rates exhibited in this study were representative of the growth of al-
gae in natural habitats. One would suspect, for instance, that Chlorella 
sp. would grow faster than Lyngbya sp. in the natural waters of this 
region. It should be remembered that the growth rates of the species 
which were studied were not completely established. Comparative growth 
rates have been indicated for the conditions of this study only. Under 
other conditions, the rates of growth may be quite different. 
The growth rates of this study would appear to have direct appli-
cation to mass cultures since the conditions of the two methods are much 
the same. The results of this study would indicate Chlorella sp. and 
Chlorococcum sp. to be the most promising specimens for mass culture. 
The yields of both were fairly high and both seemed to endure high in-
tensity of light fairly well. Both, however, grow best at fairly low 
temperatures, which is a disadvantage. Chlorella pyrenoidosa Tx 7-11-05 
is a far better specimen in regard to temperature. It seems reasonable 
that a mixed culture might be more productive under changing conditions 
than a pure culture. Certainly, more study is needed before a proper 
evaluation can be made. 
Most laboratory experiments have used artificial lighting, con-
stant temperatures and cultures of small depth and quantity. Mayer et 
!!• (19.56) and Myers et al. (1951) have stated that mass cultures would 
need to be fairly deep and would have to utilize sunlight in order to 
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be economically feasible. The results of studies of this type seem to 
have more practical bearing on mass cultures than most laboratory methods. 
This method of culturing algae, therefore, is a convenient and 
economical means which has application to both natural conditions and 
mass cultures. The equipment could be easily expanded to test many more 
specimens at a time. Since the field of Phycology has been poorly ex-
plored, a great amount of study of algal species is warranted. The 
two main flaws to this method are crude means of measurmg the amount 
of settled cells in the growth jugs and the low yields received during 
this study. 
The low yields of this study may be attributed to many factors. 
The study was conducted through the months of January, February, March 
and April, a season when the days are short and inclement weather fre-
quently causes the sunlight to be of very low int ensity. The algae 
would probably have grown better if the days had been longer and 
brighter. 
Myers (1955) has shown that the optimum growth for algae is at-
tained under conditions of flashing light. The turbulence of the cul-
tures caused by the bubbling of carbon dioxide was not enough to keep 
the algal cells in motion. Under these conditions, the cells did not 
shade each other intermittently and thus much light efficiency was lost. 
The cultures of this study were deeper with less illuminated area 
in proportion to volume than in many other studies. Since a deeper 
culture is more likely to be limited by insufficient light, this may 
have contributed to the low yields. other factors which may have re-
duced algal growth were poisonous materials from the soft glass of the 
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growth jugs and the temperature remaining too high, especially at night. 
Davis and Dedrick (1955) have sholm that low night temperatures were 
conducive to rapid growth of algae. 
Although the amounts of dry algae for each harvest seem very small, 
it rnust be remembered that the amount of space and material used in 
this study were quite small. If the same yield per liter that was pro-
duced by Chlorella sp. could be attained in a 1,000 liter tank, 24.5 
kilograms of dried algae would be produced during one year. 
If an acre was flooded with a culture of Chlorella sp. to a depth 
of 14.5 centimeters, the daily production would be nearly 13.5 kilo-
grams of dry algae. The yield for one year would be 4,835 kilograms 
or 10,636 pounds. The annual production of Chlorella pyrenoidosa Tx 
7-11-05, which had the lowest production during this study, would be 
approximately 1800 kilograms or 3,960 pounds per acre. 
In a world in which over half of the people are undernourished, 
fuels are used much faster than they can be produced and where soil 
and water conservation are of utmost importance, the study of algae 
holds great promise and should certainly interest all thinking people. 
SUMMARY 
A study of the comparative growth rates of four algae cultures 
was conducted at Fort Hays Kansas State College, Hays, Kansas. The 
specimens were selected from several species of algae collected from 
various habitats in western Kansas during the summer of 1958. The al-
gal specimens were allowed to grow in battery jars which were exposed 
to direct summer sunlight and temperatures as high as 43° c. 
The four specimens which exhibited the most rapid growth under 
these conditions were set aside for use in the growth study. Attempts 
to develop pure cultures of each specimen were not completely success-
ful. 
The specimens used were: 
1. Chlorococcum sp. 
2. Lyngbya sp. 
3. Chlorella sp. 
4. Scenedesnms armatus 
A high temperature strain of Chlorella pyrenoidosa which has been 
studied extensively was included in the study so that its growth could 
be compared with that of the native algae. 
During a period extending from January 1, 1959 to March 12, 1959, 
the five algal cultures were grown in a nutrient salt solution contained 
in one-gallon glass jugs which were arranged in a white metal water bath. 
The apparatus was located in the college greenhouse. The water bath and 
the heating system of the greenhouse regulated the temperature,which 
ranged from 21° c. to 28° c. 
Sunlight was the main source of illumination. An electric light 
located above the bath was used to maintain a 12-hour light period per 
day. Five per cent carbon dioxide in air was bubbled through the cul-
tures during illumination periods. The pH of the cultures was main-
tained by the addition of dilute nitric acid at regular intervals. 
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The temperature of the cultures was read and recorded each day at 
10:00 a..m. and 2:00 p.m. The amount of illumination was determined with 
a photometer at the same times. 
The cultures were harvested at three-day intervals by inverting 
the jugs on a rack, allowing the algal cells to settle and removing 
half of the precipitate through tubes equipped with pinchcocks. The 
filamentous alga Lyngbya sp. was harvested with a hook. 
The harvested cells were measured according to volume and weight 
and an equal volume of nutrient solution was then added to each culture. 
The algal cells were dried in an oven for 20 minutes at 110° C. 
and then at 80° C. for approximately 20 hours. The dry algae was then 
weighed and this weight was recorded as the am:>unt of growth during this 
period. 
As long as the algae were kept dry, they showed no deterioration 
and could be stored for weeks. 
Elcamination of the anatomy of the algae revealed nothing which 
might explain growth characteristics. The results of the harvests 
showed that the yields varied greatly between species and between indi-
vidual harvests of the same cultures. The culture of Chlorella sp. 
produced the greatest yield. This alga demonstrated a great accelera-
tion in growth during the last few harvests. The growth of this culture 
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showed a slight relationship to illumination and an inverse relationship 
to temperature within the range used in this study. 
Ohlorococcum sp. produced a total of dried algae which was slightly 
less than Chlorella sp. The individual yields of Chlorococcum sp. were 
much lower than the highest yields of Chlorella sp. 
Scenedesnms armatus had a much lower total yield than the above al-
gae. This alga did not seem to show any definite relationship to either 
light or temperature. The yields of Lyngbya. sp. were slightly less than 
those of Scenedesmus armatus. 
Ohlorella pyrenoidosa Tx 7-11-05 produced very small yields in 
comparison with other algae and reports from other workers. The slow 
growth can be partially explained by the fact that this alga grows best 
at 39° c., which is much higher than the temperatures of this study. 
Comparisons made with other studies show t hat the yields of this 
study are lower than many, higher than some others and nearly the same 
as a few. 
The comparative growth demonstrated by the species used in this 
study appears to be applicable to growth of algae in their natural 
habitats and to mass cultures. More work would be required to establish 
the definite growth rates of these algae. 
The method used in this study is economical and convenient and 
seems to provide valid results. The apparatus could be easily expanded 
for more extensive use. 
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